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Abstract. The electromagnetic form factors, charge radii and decay constants of tt, K and A"* (892) are 
calculated using the three forms of relativistic kinematics: instant form, point form and (light) front form. 
Simple representations of the mass operator together with single quark currents are employed with all the 
forms. Making use of previously fixed parameters, together with the constituent quark mass for the strange 
quark, a reasonable reproduction of the available data for form factors, charge radii and decay constants 
of TT, p, K and if* (892) is obtained in front form. With instant form a similar description, but with a 
systematic underestimation of the vector meson decay constants is obtained using two different sets of 
parameters, one for tt and p and another one for K and 7sr*(892). Point form produces a poor description 
of the data. 


PACS. 12.39.Ki Relativistic quark model - 13.40Gp 

1 Introduction 

The understanding of electromagnetic and weak proper¬ 
ties of low mass hadrons is still an open issue, mostly due 
to the fact that the theory of the strong interactions, QCD, 
cannot be easily solved at low energies. This includes, e.g., 
the description of the spectra of bound states of quarks, 
baryons and mesons, and reactions involving the excita¬ 
tion of resonances. These difficulties in solving QCD in 
the nonperturbative regime have triggered many investi¬ 
gations, more or less related to QCD, which try to shed 
some light on this domain. 

One of these approaches, which we explored here, is 
the formulation of relativistic quark models with a fixed 
number of degrees of freedom. Relativistic quark models 
have been implemented in three ways, depending on the 
way in which the interactions are included in the commu¬ 
tator relations of the Poincare algebra m In principle 
the three ways should provide similar results. However, in 
practice, the use of simplifications, notably the use of sin¬ 
gle quark currents which permits a simpler picture of the 
process, forces the appearance of qualitative differences in 
the results. 

In a previous work |3] the electromagnetic form fac¬ 
tors of TT and p were studied making use of three differ- 
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Electromagnetic form factors 


ent forms of relativistic quantum mechanics. The ground 
state wave function was adjusted in each of the forms to 
describe both the charge radii and the high-Q^ behavior 
of the pion charge form factor. It was found that front 
and instant forms permitted a reasonable reproduction 
of the pion form factors, and a coherent picture for the 
form factors and charge radii of p. With point form no 
ground state could be found, within the considered wave 
functions, such that the pion charge form factor would be 
qualitatively reproduced. 

The main purpose of this work is to explore to what 
extent the mass operators which were fixed to reproduce tt 
form factors in each of the forms and which were applied 
to the study of its vector partner, p, are able to provide a 
description also of the other members of the SU (3)/ octet, 
in our case the K and the vector AT*(892). 

Comparison with experimental data for the case of the 
kaon form factor and decay constants and with some of the 
previous works done in any of the three forms of kinemat- 



The point form used in this work, which follows Refs. nni 
imiHi . differs from the one discussed lately in Refs. Mm 
where a closer contact with the original Dirac formulation 
is pursued. The formulation used here emphasizes the rel¬ 
evant fact that distinguishes among the forms which is the 
kinematic subgroup of the Poincare group. Once a kine¬ 
matic subgroup (“form of kinematics”) is chosen, the main 
difference between the forms of kinematics, when consid- 
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ering single quark currents, lies in the way the variables 
entering in the rest frame wave functions are related to the 
variables appearing in the interaction vertex. This distinc¬ 
tion between the two formulations of the point form is not 
quantitatively very relevant for the case of two-body sys¬ 
tems as was shown in Ref. m 

This article is organized in the following way: Section|21 
presents the wave functions used. Then Section|3contains 
the formulas needed to compute the form factors and de¬ 
cay constants of both spin-0 and spin-1 mesons, including 
mesons made up of quarks of different mass. The tt and 
the K are studied in Section @] The decay constants of p 
and K*{892) and the form factors of the K*{892) are pre¬ 
sented in Section O A summary and discussion are given 
in the last section. 


2 Wave functions 

In the rest frame, meson states are represented by eigen¬ 
functions of the mass operator, which are functions of in¬ 
ternal momenta, fc^, and spin variables. A simple spec¬ 
tral representation of the mass operator, with meson wave 
functions constructed in the naive quark model [H, is 
considered, 


= ^c^o{q)(t>SXA , 

= ic^oiq)<l}AXS , ( 1 ) 

where ^c, and XA are the color, flavor and spin wave 
functions. 

The effect of the Lorentz transformation on the spin 
variables for canonical spins is accounted by a Wigner 
rotation of the form: 

( 2 ) 


with 


Rw[B{vK),h] := B ^(pi)B(vK)B{ki), (3) 


where B{v) are rotationless Lorentz transformations, and 
vk is the boost velocity. 

For the spatial part of the wave function, both Gaus¬ 
sian and rational forms are employed: 


-q^/2b^ 


^o«(q)=AA(l + qV2&')-“, 


(4) 


where q = ■^{k 2 — ki) and A/" is a normalization constant. 
In the center of mass frame we have fci -|- fc 2 = 0 and thus 
k^ = -^q = —ki. As a starting point the parameters used 

in Ref. [HI which are given in Tableware employed. 

The Jacobian of the transformations between the vari¬ 
ables are, for point form, 



- P 2 zVz) 

E2 


(5) 



b [MeV] 

rriq [MeV] 

a 

ms [MeV] 

Gaussian 

Instant form 

370 [470] 

140 [200] 

— 

500 

Point form 

3000 [470] 

380 [200] 

— 

500 

Front form 

450 [500] 

250 [250] 

— 

400 

Rational 

Instant form 

700 [520] 

150 [250] 

5 [3] 

500 

Point form 

3000 [520] 

300 [250] 

1 [3] 

500 

Front form 

600 [650] 

250 [250] 

3 [3] 

400 


Table 1. Parameters used in instant, point and front form 
both for the rational and gaussian spatial wave functions. In 
brackets are the readjusted sets of parameters as explained in 
the text in Section 0] 


with 


= Ei = ml + pI , (6) 

for front form 


J(P;P2) ■■= 


dq 


= 2 V 2 


9(^2, k2±) 
Mo 


with 


kzi = - { iiMo - 


and for instant form, 


4^(1-e) 


‘-q %L 


" 

/ 2 2 N 2 

1 - 

f mi-m^\ 

-1 




>^o=E 


, (7) 


^,(8) 


J{P,P2) :=2V2^<| 1- 


E 2 


E2VZ (Plz P22 


Mo V E\ E 2 


where 


P, = Py = 0, M^ = - |Pp , « := 


Mo 


(9) 


( 10 ) 


3 Meson electroweak properties 

As in Refs. |HTT| the effective conserved electromagnetic 
current operator in each of the forms can be generated 
by the dynamics from a current which is covariant under 
the kinematic subgroup. Then, electromagnetic form fac¬ 
tors of two-body systems can be defined as certain matrix 
elements of the electromagnetic current. In point and in¬ 
stant forms, the charge form factor of scalar mesons can 
be defined as follows, 

EciQ^) = (0, Q/2|/°(0)|0, -Q/2), (11) 

where P is the time component of the current and Q has 
been taken to be parallel to the 2 -axis. The charge radii 
can be obtained by (r^)^ = —6{dFc/dQ‘^)Q2^o 


J{v-p2) : 
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In front form, in the Q~^ = 0 frame, the charge form 
factor is extracted from the “plus” component of the cur¬ 
rent, = n ■ I, with n = { — 1,0,0,1}: 

Fc(Q2) = (0|/+(0)|0), (12) 


in this case the momentum transfer is taken to be trans¬ 
verse to the z-direction m 

For vector mesons, such as the p and the K*{892), the 
definition of Ref. m is adopted. For point and instant 
forms, we have: 


GciQ^) 

Gm{Q^) 

Gd{Q^) 


3 L 


(0,2|/O(0)|-S,0), 


+2(l,f|/O(0)|-f,l), 


;i,S|/^(0)|-S,0), 


-(l,f|/°(0)|-S,i), 


(13) 


where /+ = (l/2)(/2, -|- ily). For front form, 

Gc{Q'^) = Fod + \F2d — I?? {^Od + F2d + I'P’ld} i 
Gm{Q‘^) = 2Fod + F2d + Fid(l - r;), 

GD(g2) = }.[F2dFTl{\F2d-F^d-Fid)] , (14) 


where 


FUQ^) = + (0|/+(0)|0)}, 

F 2 dm = ^^^w^m-^)- ( 15 ) 


The kinematical variable p is defined as 77 = ^(vf — Va)'^ = 
Q^/4M^, where M is the meson mass. 

For each form of kinematics the dynamics generates 
the current density operator from a kinematic current. 
For point form we have, 


The meson decay constant can be obtained from the 
following matrix element 


{0\qij^j5q2\P) = iP^V2fp , 

{^\qii^q2\v) = Mv€^{p)V2fv ■ (19) 

In front form it translates to ca. 

fp = I d^d^kpVj^fiik^) (20) 

^ [(1 -Omi + ^ 1 ^ 2 ] 

\/?(l - - {mi - 7712)2] ’ 

fy = (2^ jd(Sk^^v{P) 

.21) 

\/^(l - owl - (mi - 7712)2] 


In point and instant form, the temporal component of 
the current is considered, together with P = 0. Then 
we have Pq —*■ M, dP'p —> d^k, 17 —*■ 1 , wave function 
P™ (udf, fe) ^ y/2XSx,-x<p{k‘^), where A, A are the spin 
projection variables. Finally it can be seen that |18| . 


fp = - ^ — / d^kip{k'^) 

{rrn + Lo{){m2 F iyJ2) — k"^ 

^ 

2y/ujiuj2{mi +uji)(m2 + UJ 2 ) 

fv = - ^ — / d^kip{k'^) 

{ 2 ^fGy/M J ^ ^ 

^ (7711 -I- wi)( 77 i 2 -I- UJ2) -k'^ + 2 k\ 

2x/LOiu;2{'mi F U}i){m2 + UJ2) 


Instant and point form share the same formula due to the 
P = 0 requirement. 

In the nonrelativistic limit, jrr? 0, Eq. be- 
comes: 




{Vf,v'f\If^{Q)\v2,Va) = 

5 ( 3 )- V2){^ F , (16) 

for front form, 


giving the nonrelativistic predictions fi^/fp = \/rn^f/mf k, 
2.3 and /if//K*( 892 ) = \/mK-{ 892 )/'mK « 1-4, these are 
in disagreement with the experimental data as will be dis¬ 
cussed in Section 0 


(P+,Pi/,p'|J+(x-,a7i)|p2,P±a,P+) = (17) 

d^^HP2-P2){l + 2 r;j^^)u(pi) 7 ^^)+M(pi)e*(^^^"-^^“)'"^^ , 4 Numerical results of tt and K 


and for instant form, 

{^Q,P2\I^{x)\P2,-^Q) = (18) 

d^^HP2-P2){^ + 5r3^^^)72(pi')7^^^''u(pi)e*(‘5'“=) . 


Employing the formalism described in Sections |3 and O 
the form factors, charge radii and decay constants of tt 
and K can be obtained in the three forms of kinematics 
considered. 
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4.1 Instant form results 

The pion electromagnetic form factor is well described in 
instant form with the simple wave functions considered as 
can be seen in Fig. 1 of Ref. P]. 

In Table[21the values for the decay constants and charge 
radii of the considered mesons obtained in instant form are 
presented. Although the overall agreement with the data 
is quite good, there are discrepancies both in the decay 
constant of the kaon, which is off by 20 %, and in the 
squared charge radius of the which is off by 30 %. 

Therefore with the parameters used for the light quark 
sector the sizes of K and A'* (892) are found to be larger 
than the experimental value. We can accommodate the 
experimental data by using a more compact wave func¬ 
tion for the mesons containing an s quark, larger b in the 
gaussian case, which will decrease the charge radii. 

The use of two parameter sets, one for mesons made 
up of light quarks, tt and p, and another one for mesons 
containing a strange quark, K and AT* (892), could be due 
to the different masses of the u{d) and s quarks or to a 
possible difference in the dynamics of the s quark that, in 
our framework, may be accounted for by slightly changing 
the mass operator. These readjusted parameters are given, 
when different from the original ones, in brackets in Ta¬ 
ble ^ With them, results in brackets, the agreement with 
data in Table [3 improves specially for the decay constant 
of the AT. 

In Fig.^the obtained charge form factors of the kaon 
are presented. Both using the original set of parameters as 
well as with the readjusted ones, the available experimen¬ 
tal data are correctly reproduced. The high-Q^ behavior in 
instant form can thus be considered as a prediction once 
the parameters of the wave function were already hxed. 
The high-Q^ behavior is close to oc 1/Q^ for the case, 
which is also the predicted behavior in QCD m How¬ 
ever, as already occurred with the p form factors |3], the 
fall off of the form factor of the A'+ is faster than cx 1 
being closer to oc 1/Q^. 


4.2 Point form results 

In Ref. (3 the results obtained for the pion form factor 
were presented explicitly emphasizing the fact that it was 
not possible to find a ground state, within the consid¬ 
ered wave functions, that would reproduce the behav¬ 
ior with reasonable values for the parameters. 

A first glance at Table 13 tells us that point form does 
not provide a plausible description of the experimental 
data when the parameters of Tableware used. However, 
as we were not able to constrain our parameters with the 
TT data, here a different approach will be followed. Con¬ 
sidering that the tt might be a pathology, maybe not a 
simple qq, we choose to concentrate on the ability of the 
point form approach to describe the data of the AT. 

Due to the fact that the decay constant is calculated 
with the same formula in both instant and point forms, 
see Eq. 123, we decided to use the instant form values to 




Fig. 1. (a) K charge form factor squared in instant form as 
function of Q^{GeV^). Solid and dashed lines stand for ratio¬ 
nal and gaussian wave functions, (b) K charge form factor in 
instant form multiplied by . Solid and dotted lines corre¬ 
spond to the A° form factor using rational and gaussian wave 
functions respectively. Dashed and dot-dashed lines correspond 
to the form factor using rational and gaussian wave func¬ 
tions respectively. Thin lines are obtained with the parameters 
in Table 0 while thick lines are obtained with the readjusted 
parameters given in the same table. The experimental data are 
from Refs. |21I22| . 


get a closer description of the data in our point form cal¬ 
culation. The results are also shown, within brackets, in 
Table 0 In this case the agreement of decay constants im¬ 
proves while the charge radii become badly overestimated. 
The overestimated charge radii can be traced back to the 
dependence of the form factor on the momentum transfer 
Q through the velocity of the system in the Breit frame 
which involves the ratio Q/{2M) |24| . 

Fig.H depicts the behavior of the form factor ob¬ 
tained in point form. The obtained kaon form factor in 
point form is neither completely off as occurred with the 
pion nor similar to the results with the other two forms as 
in the case of the rho. It suggests that with mesons of in- 
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Fig. 2. {a.) K charge form factor squared in point form as 
function of Q^{GeV^). (b) K charge form factor in point form 
multiplied by . Same description as Fig. 0 

creasing mass, the form factor improves. This is consistent 
with one of the conclusions in Ref |3] where it is pointed 
out that the failure of point form to reproduce the tt form 
factor is most likely due to its small mass. Indeed, a small 
mass indicates large effects due to interactions which we 
partially neglect when considering the single quark cur¬ 
rent approximation. Therefore, single quark currents are 
not enough in point form for low mass mesons. 

4.3 Front form 

The pion electromagnetic form factor is well described in 
front form with the simple wave functions considered as 
can be seen in Fig. 1 of Ref. |3]. The decay constants 
and charge radii of tt and K in front form are given in 
Table 12 The first relevant result is that, with the same 
ground state wave function that permitted a description 
of the TT and p form factors, reasonable values for the de¬ 
cay constants and charge radii of the K are obtained. The 
disagreement with experimental data is less than 10 % 


in the decay constants and charge radii with both shapes 
of the wave function. The overall agreement with exper¬ 
imental data can be slightly improved by considering a 
little larger size parameter, b from 600 MeV to 650 MeV 
in the rational case and from 450 MeV to 500 MeV in the 
gaussian case, as is shown in brackets in the table. 




Fig. 3. (a) K charge form factor squared in front form as 

function of (3^(GeV^). (b) K charge form factor multiplied by 
Q^. Same description as Fig.0 


The results with the two sets of parameters are simi¬ 
lar and the available experimental data are correctly re¬ 
produced. The high-Q^ behavior can thus be considered 
as the front form prediction once the parameters of the 
wave function were already fixed. These results are simi¬ 
lar to other front-form results 1^ . The high-Q^ behavior 
is close to oc l/Q^ for the case as occurred in the in¬ 
stant form case. However, as happened with the p form 
factors [2 the fall off of the K'^ is faster than oc 
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5 Form factors and decay constant of the 

K*{892) 

The decay constant and electromagnetic form factor of the 
it'* (892) are presented using the three forms of kinematics. 

In Table El the decay constant of p and K* (892) are 
presented. They have been obtained using the parameters 
in Tabled th® ones in brackets have been obtained with 
the readjusted parameters. 

First, we note that with all the forms fK*( 392 )/fp ~ 1 
regardless of the values obtained for each of the decay 
constants. In particular, the point form values are badly 
wrong with the original set of parameters, similarly to 
what was observed in Table 0 for the tt and p. If the read¬ 
justed set of parameters is used in point form the obtained 
values would be the same as the instant form ones. 

The values quoted as experimental in the Table are 
taken from Refs. 1^™. The decay constant, gp, which 
enters in the process p^ is obtained from the 

matrix element: 


— = (0|m7mm|pa(p)) = ^(0|u7mC^IPa b)> > (24) 

9p v2 


so that 



(25) 


The experimental decay width for that channel, 6.77 
keV leads to the value pp = 5.03, that corresponds to 
/p=152.8 MeV. 

From the partial decay widths of the processes r —> 
Vur Maris et al. extract the ratio fK*{s 92 )/fp = 1-04. 
Which implies Jk* = 159.3 MeV (which is comparable to 
the result of Ref. [T^, fx* = 153 MeV). 

The instant form calculation (with both the original 
and the readjusted parameters) underestimates the de¬ 
cay constants by at least 20%. However, the predicted ra¬ 
tios /ti-//p and /if// k*(892) are in better agreement with 
experimental data than their nonrelativistic counterparts 
which are given at the end of Sect El 

The front form results are in better agreement with the 
values extracted from experiment specially for the gaus- 
sian case. The readjusted parameters do not improve the 
results in this case. 

The electromagnetic form factors of the if* (892) have 
also been evaluated. In Fig.^the coulomb, magnetic and 
dipole form factors of the 77*+(892) are shown calculated 
making use of Eqs. m in the three different forms with 
the parameters in Tabled 

Qualitatively the obtained form factors are quite sim¬ 
ilar to the p form factors presented in [S]. In fact, as was 
already reported for the nucleon form factors El and also 
for the charge form factor of the p, a node is found in the 
charge form factor of the 77*+(892) in front form. The 
node is in this case at around 6 GeV^. The predicted 
behavior for Gm is similar in instant and front forms, be¬ 
ing considerably smaller in point form. 

The relativistic nature of the calculation produces non¬ 
zero values for the charge form factors of the 77*°(892) 





Fig. 4. Electromagnetic form factor of the 77* (892) obtained in 
the different forms of kinematics using gaussian wave functions. 
Solid, dotted and dashed lines stand for instant, point and 
front form of relativistic kinematics, (a), (b) and (c) show the 
coulomb, magnetic and dipole form factors, respectively. 


even in the 57/(3)/ symmetric case. However, the rela¬ 
tivistic effect alone is much smaller than the effect arising 
from the actual existing mass difference between the s 
and u{d) quarks. In Fig. El the charge form factor of the 
77*°(892) is presented. 

Finally, as is well known the use of single quark 

currents does not permit an unambiguous extraction of 
the form factors in front form from the considered matrix 
elements. In this work the form factors are extracted from 
the same matrix elements as used in Ref. El for the case 
of the deuteron. There, due partly to the large mass of 
the deuteron as compared to that of the constituents, the 
breaking in rotational symmetry due to the fact that single 
quark currents were employed was small. This can be esti¬ 
mated by showing what is called the “angular condition”. 
This is a certain linear combination of the four matrix 
elements used to extract the form factors which should 
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Fig. 5. Coulomb form factor of the K*°{892) obtained in the 
different forms of kinematics using gaussian wave functions. 
Solid, dotted and dashed lines stand for instant, point and 
front form of relativistic kinematics. 



Fig. 6 . In solid the angular condition dehned in Eq. ll^ . 
dashed corresponds to the matrix element (1|I^(0)|1). Both 
for the case of the K*{892). 

vanish would the calculation be rotationally invariant. It 
can be defined as, 

^{Q^) = (1 + + /i,-i — \/^Ii,o — Io,o ■ (26) 

In Fig. El the function A{Q'^) is shown as function of 
together with the matrix element Jiq which should serve 
to compare the magnitude of the angular condition. This 
figure shows that above a certain the obtained behavior 
of the form factors of spin 1 systems in front form using 
single quark currents should be taken with care. 


6 Discussion and summary 

In the quark model the main difference between (7r,p) 
and {K,K*{892)) is the substitution of a light quark by a 
strange quark in the latter. Thus it is natural to explore 
the {K,K*{892)) system using the mass operator, which 
was originally fixed to reproduce the tt charge form factor, 
as starting point. 


We have presented charge form factors, charge radii 
and decay constants of the tt, K and A"* (892) making use 
of the three different forms of relativistic kinematics. 

In front form, in the impulse approximation and with 
simple wave functions, the charge form factors, charge 
radii and decay constants of the tt, K and A'* (892) are 
reasonably reproduced making use of the same parame¬ 
ters that were employed previously to study the p form 
factors. An effective way to phenomenologically account 
for the differences arising from the presence of a s quark 
would be to allow for a variation of the mass operator. 
This is achieved by considering a slightly different set of 
parameters for the (AT, AT*) system. In the front form case, 
however, the agreement with the data is already accept¬ 
able with the original set. 

In instant form a slightly worse description of the data 
is achieved, specially in the case of the vector meson decay 
constants which are underestimated by 30 %. An improved 
description of the data can be achieved if two different 
sets of parameters, one for the mesons made up of light 
quarks, tt and p, and another one for the mesons which 
contain a strange quark, AT and A'* (892), is employed. 
The readjusted values which essentially correspond to a 
more compact wave function in coordinate space imply a 
smaller radius for the systems containing an s quark. 

The description of the data using point form is very 
poor. 

The approach followed here, used also in Ref. El, tries 
to assess to what extend the existing data for meson form 
factors can be reproduced using simple assumptions for 
the mass operator and current operators using the differ¬ 
ent forms of relativistic quantum mechanics. The results 
presented here together with other recent ones, e.g., 
m show that the standard realization of the front form, 
(5"*“ = 0, tends to give results which are closer to exper¬ 
imental data. The instant form results are also qualita¬ 
tively similar. Thus, one can legitimately wonder why the 
point form fails. Ref. m deals with this very question 
and finds that a common feature which is shared by the 
“successful” implementations is the fact that in all cases 
momenta is conserved at the interaction vertex. The point 
form, and also front form in the yf 0 frame, do not 
conserve momenta at the quark interaction vertex, which 
could indicate that the requirement of translation invari¬ 
ance at the quark level would be a much more relevant 
one. Our work does not contradict those lines. 

The same prediction for the high-Q^ behavior of the 
form factor of the is found with both instant and front 
forms. The predicted behavior is close to the QCD predic¬ 
tion of Refs. m For the charged kaon the high-Q^ behav¬ 
ior of the form factors is closer to oc 1 /Q^ that to 1 /Q^ 
both in instant and front forms. The disagreement with 
the asymptotic QCD behavior may be due to the simple 
assumptions for the electromagnetic current or simply to 
the fact that pQCD is not reached as such momentum 
transfers in this specific problem. In the front form case 
some care must be taken when considering the form fac¬ 
tors of spin-1 mesons. The ambiguity arising when work- 
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ing with single quark currents in the definition of the form 
factors becomes relevant for low mass systems. 

The ratio /tvI fp is considerably improved when relativ¬ 
ity is taken into account, as compared to the nonrelativis- 
tic results. Although the values for the decay constants for 
A'* (892) are not close to the experimental data in all the 
forms, it is found that the //f*( 892 )//p is well reproduced 
with each of them. 

Similar to what was found when studying the form fac¬ 
tors of the nucleon and the p, the charge form factor of the 
A"* (892) in front form contains a node close to 6 GeV^. 
This node could, unlike the one in the nucleon electric 
form factor, disappear when two body currents are incor¬ 
porated in the framework. 
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w.f. 

U [MeV] 

Ik [MeV] 

M 

{rl±) [fm^j 

(rlo) [fm^] 

Rational 

104.4 

87.0 [111.8] 

0.619 

0.40 [0.31] 

-0.115 [-0.055] 

Gaussian 

95.6 

82.4 [112.2] 

0.600 

0.38 [0.22] 

-0.110 [-0.050] 

Exp. 

92.4 ±0.33 

113.0 ±1.3 

0.663 ±0.006 

0.34 ±0.05 

-0.076± 0.018 


Table 2. Decay constants and charge radii of tt and K obtained in instant form. The values, the ones within brackets, are 
obtained using the parameters in Tabled The experimental data are form Refs. I1l>l‘i()l2ll . 


Point Form 



u 

fK 

\/{rl) [fm] 

{rU) [fm^l 

{rU [fm^] 

Rational 

9730.1 [104.4] 

6902.6 [111.8] 

2.55 [3.12] 

0.52 [1.66] 

-0.003 [-0.477] 

Gaussian 

838.5 [95.6] 

512.1 [112.2] 

3.02 [3.23] 

0.74 [1.50] 

-0.008 [-0.411] 

Exp. 

92.4 ±0.33 

113.0 ±1.3 

0.663 ±0.006 

0.34 ±0.05 

-0.076± 0.018 


Table 3. Decay constants and charge radii of tt and K in point form. Same description as Table. 


w.f. 

U [MeV] 

Ik [MeV] 

^fW) M 

[fm^j 

{rlo) [fm^] 

Rational 

98.6 [102.5] 

114.0 [119.4] 

0.659 [0.679] 

0.43 [0.38] 

-0.080 [-0.069] 

Gaussian 

92.2 [97.2] 

106.2 [113.0] 

0.665 [0.630] 

0.43 [0.36] 

-0.077 [-0.062] 

Exp. 

92.4 ±0.33 

113.0 ±1.3 

0.663 ±0.006 

0.34 ±0.05 

-0.076± 0.018 


Table 4. Decay constants and charge radii of tt and K mesons in front form. Same description as Table. |21 



wave function 

/p [MeV] 

/k*(892) [MeV] 

/k*(892)//p 

Instant Form 

Gaussian 

88.2[128.2] 

97.4 [125.3] 

1.10[0.98] 


Rational 

96.1[129.1] 

94.9 [124.5] 

0.99[0.96] 

Point Form 

Gaussian 

1842.1 

1727.4 

0.94 


Rational 

5.952x10® 

5.505x10® 

0.92 

Front Form 

Gaussian 

Rational 

151.3 [168.3] 

175.4 [190.1] 

153.1 [170.5] 
177.6 [192.6] 

1.01 [1.01] 
1.01 [1.01] 

EXP 


152.8 

159.3 

1.04 


Table 5. Decay constants and charge radii of p and it"* (892) mesons in instant, point and front forms. The point form values 
using the readjusted parameters are the same as the instant form values with the same parameters. 






















































